Roles of neuroactive amino acids in ammonia neurotoxicity.
Many neurologic disorders are related to congenital or acquired hyperammonemia (HA). Advanced symptoms of HA range from seizures in acute stages to stupor and coma in more chronic conditions, manifesting variable imbalance between the inhibitory and excitatory neurotransmission. Evidence obtained with the use of experimental HA models suggests that acute neurotoxic effects of ammonia are mediated by overactivation of ionotropic glutamate (GLU) receptors, mainly the N-methyl-D-aspartate (NMDA) receptors, and to a lesser degree the KA/AMPA receptors. NMDA receptor-mediated neurotoxicity may be potentiated by impaired control of their function by metabotropic GLU receptors, which are inactivated by ammonia. Prolonged overactivation of the NMDA receptors upon extended ammonia exposure causes their downregulation. The GLU receptor changes may be related to their excessive exposure to extrasynaptic GLU. Ammonia promotes GLU accumulation in the extrasynaptic space by enhancing its release from neurons, and/or by decreasing its reuptake to the nerve endings and astrocytes, where the effect results from inactivation (downregulation) of the astrocytic glutamate transporter GLT1. Excitotoxic effects of ammonia are augmented by increased synthesis of nitric oxide (NO), which is associated with NMDA receptor activation and/or increased synaptic transport of arginine (ARG). A shift toward neural inhibition is promoted by positive modulation of the gamma-aminobutyric acid (GABA)ergic tone resulting from excessive accumulation in the brain of endogenous central benzodiazepine receptor agonists, and from upregulation of astrocytic peripheral benzodiazepine receptors leading to elevated levels of prognenelone-derived neurosteroids, which positively modulate the GABA(A) receptor complex. Inhibitory neurotransmission may also be favored by enhanced release from astrocytes of an inhibitory amino acid, taurine.